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IMVESTIGATION  OF  BEARING  CREEP  OF  TWO 
FORGED  ALUMINDM  ALLOYS 

Leonard  Mordfln^  Nixon  Halsey  and  Philip  J.  Granum 


Fourteen  bearing  specimens  of  7075-T6  and 
2014-T6  forged  aluminum  alloys  were  tested  in 
creep  at  400""  F.   The  2014-T6  specimens  had 
greater  creep  resistance  and  less  ductility  than 
the  7075-T6  specimens. 

For  each  material  the  bearing  creep  resist- 
ance varied  directly  with  edge  distance  and  bolt 
tightness.  Prior  exposure  of  the  2014-T6  alloy 
to  elevated  temperature  reduced  its  bearing  creep 
resistance. 

The  validity  of  a  previously  proposed  theory 
of  creep  in  bolted  joints  was  examined  using  the 
test  data  together  with  results  from  an  earlier 
study.   The  theory  was  found  to  hold  for  7075-T6 
but  not  for  2014-T6. 

1.   INTRODUCTION 
The  investigation  described  herein  is  one  of  a  series  intended  to 
obtain  useful  solutions  to  structural  creep  probloas  by  the  quantitative 
relationship  of  structural  creep  to  material  creep. 
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A  limited  test  program  was  undertaken  to  obtain  data  on  bearing  creep 
deformation  for  7075-T6  and  2014-T6  forged  aliunlnum  alloys.   The  Immediate 
objectives  were   (1)  to  explore  the  general  nature  of  bearing  creep  In 
these  materials,  and  (2)  to  examine  the  feasibility  of  calculating  the 
creep  deformations  In  large  bolted  joints  which  are  expected  to  fall  in 
bearing.   In  connection  with  the  latter  objective.  It  was  proposed  In  an 
earlier  report  (ref.  1)  that: 

A  joint  which  Is  expected  to  fall  In  bearing  can 
usiially  be  considered  to  creep  only  In  bearing. 
The  elongation  of  the  joint,  then,  is  the  same  as 
that  for  a  simple  bearing  specimen  having  the  same 
edge  distance  and  subjected  to  the  same  stress  and 
temperature  as  the  joint. 
The  creep  deformations  obtained  with  the  bearing  specimens  tested  in  this 
investigation  are  compared  with  the  creep  deformations  obtained  with 
7075-T6  and  2014-T6  bolted  joints  (fig.  1)  tested  in  a  previous  study. 
The  details  of  the  bolted  joint  tests  are  reported  elsewhere  (ref.  2), 
but  are  summarized,  for  convenience,  in  Appendix  A. 

This  report  describes  the  material  bearing  creep  test  program  and 
the  results  obtained.   This  investigation  was  conducted  at  the  National 
Bureau  of  Standards  vinder  the  sponsorship  and  with  the  financial  assist- 
ance of  the  Bureau  of  Naval  Weapons.   The  authors  acknowledge  the 
assistance  of  Mr.  Thomas  D.  Field,  Jr.  in  the  design  of  some  of  the  test 
apparatus. 
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2.   SPECIMENS 

The  bearing  specimens  tested  in  this  investigation  were  cut  from  the 
bolted  joints  described  above  and  in  Appendix  A.   They  were  machined  from 
parts  of  the  straps  which  had  been  subjected  to  relatively  little  heating. 
It  is  estimated  that  those  portions  of  the  straps  from  which  the  bearing 
specimens  were  taken  had  not  been  heated  above  200°  F  and  had  not  been 
stressed  beyond  the  elastic  limit  corresponding  to  this  temperature. 
Hence  the  bearing  specimens  did  not  have  any  prior  work  hardening,  but 
undoubtedly  did  have  a  small  amount  of  overaging  because  of  the  exposure 
to  elevated  temperature. 

Two  general  designs  of  bearing  specimens  were  tested.   These  are 
designated  as  "straight"  and  "beveled",  and  are  shown  in  figs.  2  and  3. 
The  beveled  specimen  is  an  attempt  to  reproduce  the  complex  edge  condi- 
tion of  the  bolted  joint  specimens. 

3.   TEST  TECHNIQUES 
3.1  Loading 
The  tests  were  conducted  in  a  100,000  lb  capacity  universal  screw- 
power  testing  machine,  which  was  adapted  for  creep  testing  by  the  instal- 
lation of  a  load-maintaining  system  similar  to  that  described  in  ref.  4. 

Referring  to  figs.  4  and  5,  the  specimen  A  was  held  by  two  steel 
plates  B  which  were  mounted  in  the  upper  grip  of  the  machine  and  separated 
by  a  spacer  plate  (not  shown).   The  bearing  load  was  applied  with  a  hard- 
ened steel  pin  C  which  was  machined  to  provide  a  close  sliding  fit  in  the 
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bearing  hole.  The  pin  was  held  by  two  steel  plates  D  which  were  mounted 
In  the  lower  grip  of  the  testing  machine  and  separated  by  a  spacer  plate 
(not  shown). 

The  ends  of  the  loading  pin  were  threaded  to  accommodate  nuts  E. 
These  could  be  tightened  to  simulate  bolt  tightness  In  a  joint.   "Full" 
tightness  could  be  Imposed  by  Inserting  washers  F  and  drawing  the  nuts 
up  tight  with  a  wrench.  A  condition  of  "no"  tightness  could  be  effected 
by  removing  some  of  the  washers  and  leaving  the  nuts  loose. 

3.2  Deformation  Measurement 

Bearing  deformation  manifested  Itself  primarily  as  an  elongation  of 
the  bearing  hole.   This  deformation  was  measured  In  terms  of  the  dis- 
placement of  the  axis  of  the  loading  pin  from  the  axis  of  the  original 
hole. 

A  concentric  rod  and  tube  arrangement  was  used  to  transfer  the  dis- 
placement to  the  outside  of  the  test  furnace.   Referring  to  figs.  4  and 
5,  tubes  G  were  mounted  parallel  to  each  edge  of  the  specimen.   The  upper 
ends  of  these  were  fixed  on  the  original  horizontal  center  line  of  the 
hole  by  set  screws  H.   A  rod  inside  each  tube  was  attached  to  a  yoke 
device  which  included  plates  J.   These  plates  had  holes  drilled  In  them 
so  that  they  fitted  closely  over  the  loading  pin. 

Displaconent  of  the  pin  relative  to  the  original  bearing  hole  was 
thus  converted  into  a  differential  movement  within  each  of  the  two  rod 
and  tube  assemblies.   This  movement  was  measured  with  a  pair  of  differen- 
tial transformers  mounted  on  the  lower  ends  of  the  rods  and  tubes  below 
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the  test  furnace.   Strip  chart  recorders  were  used  to  obtain  records  of 
displacement  vs.  time.   The  bearing  deformation  of  the  specimen  was  taken 
as  the  average  of  the  two  records. 

3.3  Heating 

The  test  furnace  was  fabricated  from  trans ite  sheet  and  contained 
eight  quartz  infrared  lamps.   Four  thermocouples  were  peened  into  the 
surface  of  each  specimen.   The  voltages  to  the  lamps  were  controlled  by 
auto  trans  formers.   These  were  adjusted  maniially  to  minimize  temperature 
gradients.   Power  was  controlled  by  a  time- proportioning  automatic  temp- 
erature controller. 

Temperatures  were  maintained  constant  and  uniform  within  2°   F  during 
each  test. 

3.4  Testing  Procedure 
After  heating  the  specimen  to  the  test  temperature^  it  was  permitted 
to  remain  at  that  temperature  for  a  predetermined  exposvire  period.   The 
test  load  was  then  applied,  and  this  was  considered  time  zero.  Deforma- 
tions were  measured  starting  at  the  time  that  the  full  test  load  was 
reached.   In  this  manner,  displacements  due  to  elastic  extension,  thermal 
expansion  and  backlash  in  the  extensometer  arrangement,  were  eliminated. 
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4.   NOMENCLATURE 

4. 1  Symbols 

D         diameter  of  loading  pin^    in. 

e         base  of  natural   logarithms,    2.718   ... 

f- ,  f_  fxmctions  of     t 

1'    3  X 

f~  fxmction  of     t^-. 

F  test   load,    lb 

h  thickness  of  bearing  specimen,  in. 

k  characteristic  dimension  of  beveled  specimen  (see  fig.  3),  In. 

m  edge  distance,  in.  or  dimensionless  (see  Section  4.2) 

m  r:f  effective  edge  distance,  in.  or  dimensionless  (see  Section  4. 2) 

P  a  parameter  defined  by  eq.  (2) 

P'  a  parameter  defined  by  eq.  (4) 

R  bolt  tightness  (see  Section  4.2) 

t  prior  exposure  time,  hx  (see  Section  4.2) 

t.-    test  time  to  reach  0.10  in.  of  creep  extension,  hr 

a         bearing  stress  as  defined  by  eq.  (1),  or  bearing  creep  strength, 
lb/ in? 
a'    bearing  creep  strength  for  t  =0,  lb/in? 

4. 2  Definitions 
Bearing  stress,  a,  is  the  compressive  stress  produced  on  the  edge 
of  the  bearing  hole  by  the  loading  pin.   For  most  design  purposes  this 


b 
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stress  is  considered  to  be  uniformly  distributed  over  the  projected  area 
of  the  edge  of  the  hole^  so  that 

Edge  distance,  m,  is  the  distance  from  the  center  of  the  bearing 
hole  to  the  edge  of  a  straight  specimen^  measured  in  the  direction  of 
loading  (see  fig.  2).   Very  often^  edge  distance  is  expressed  dimension- 
lessly  as  the  ratio  of  edge  distance  to  pin  diameter.   In  this  investiga- 
tion the  diameter  is  1  in. ^  so  the  two  representations  are  equivalent. 

For  a  beveled  specimen  (fig.  3),  the  above  definition  does  not  apply 
so  an  effective  edge  distance^  m  ^^,   must  be  used. 

Prior  exposure,  t  ,  is  the  length  of  time  that  a  specimen  is  sub- 
jected to  the  test  temperature  prior  to  the  application  of  the  test  load. 

Bolt  tightness t  R,  has  been  assigned  a  numerical  scale  from  1  to  10 
where  1  represents  no  tightness  and  10  represents  full  tightness. 

5.   TEST  RESULTS  FOR  7075-T6  SPECIMENS 
AND  DISCUSSION 

5.1  Straight  Bearing  Specimens 

Five  straight  specimens  (fig.  2)  of  7075-T6  aluminum  alloy  were 

tested  at  403°  F  to  explore,  in  a  cursory  manner,  the  effects  of  bearing 

stress,  edge  distance  and  bolt  tightness  on  bearing  creep  deformation. 

These  tests  were  all  conducted  with  a  prior  exposure  to  test  temperature 

of  1.7  hr.   The  test  conditions  are  listed: 
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Specimen  No. 

m 
in. 

R 

a 

ho 

lb/in? 

hr 

4 

2.00 

1 

35,000 

1.1 

5 

2.62 

1 

35,000 

7.1 

6 

1.85 

1 

30,800 

10.5 

7 

1.85 

10 

35,000 

3.4 

8 

1.85 

10 

35,000 

3.3 

The  creep  deformation  curves  are  given  in  fig.  6.   These  were  con- 
densed from  the  continuous  strip  chart  records.   The  curves  do  not  exhibit 
a  conventional  steady- state  creep  stage,  nor  do  they  plot  as  straight 
lines  on  log  paper.   Hence,  neither  steady- state  creep  rates  nor  simple 
power  functions  could  be  iised  to  characterize  the  curves.   Instead,  t^., 
"the  test  time  required  to  reach  0.10  in.  of  creep  deformation",  was  arbi- 
tarily  chosen  as  a  simple  measure  of  creep  resistance  by  which  the  curves 
could  be  compared.   Values  of  t.-   are  listed  in  the  table  above. 

Using  the  data  in  the  table,  it  was  deduced  that  the  relative  effects 
of  stress,  edge  distance  and  bolt  tightness  could  be  adequately  described 
by  means  of  the  empirical  parameter 

P  .  to^Oe-'/lOOO  (2) 

This  parameter  was  related  to   t^_  with  a  curve- fitting  process,  giving 
the  empirical  equation 


t^o  -  lo^p°•^  (3) 

A  comparison  of  this  equation  with  the  experimental  data  Is  shown  In 
fig.  7. 

Neither  eq.  (2)  nor  eq.  (3)  has  any  value  except  for  the  specimens 
and  the  range  of  variables  Involved  here.   The  equations  are  used  In  this 
report  merely  to  show  the  relative  effects  of  the  different  test  variables 
and  to  facilitate  Interpolation  of  them. 

Examination  of  eqs.  (2)  and  (3)  reveals  that  creep  resistance  de- 
creases rapidly  with  Increasing  bearing  stress.   Increasing  edge  distance 
raises  the  creep  resistance^  even  for  values  as  high  as  2.62.   Further- 
more^ bolt  tightness  Increases  the  creep  resistance. 

The  strengthening  effect  of  bolt  tightness^  Insofar  as  creep  Is  con- 
cerned^ Is  one  that  has  received  little  consideration  as  revealed  by  the 
literature.   This  effect  is  discussed  further  In  the  following  section. 

5.1.1  Effect  of  Bolt  Tightness 
Intuitively^  It  seems  that  bolt  tightness  Improves  bearing  creep 
resistance  by  (1)  diverting  some  of  the  nominal  bearing  force  toward 
overcoming  friction  between  the  faying  surfaces^   (2)  restraining  lateral 
deformation  in  a  direction  parallel  to  the  bolt  axls^  or  (3)  both. 
Yerkovlch^  in  reporting  the  results  of  creep  tests  on  riveted 
joints,  ref.  3,  attributed  the  Improvement  in  bearing  creep  resistance 
to  friction  between  the  faying  surfaces. 


-  10  - 

The  tests  of  specimens  7  and  8  were  designed  to  Investigate  this 
effect.   The  conditions  for  these  two  tests  were  Identical  with  one 
exception.   The  washers  (F^  fig.  5)  for  specimen  7  were  steel  while  those 
for  specimen  8  were  alijmlnum.   This  difference  was  Introduced  to  examine 
the  effect  of  friction  between  the  washers  and  the  specimen.   The  coef- 
ficient of  sliding  friction  for  an  alumlnum/alumlnijm  Interface  Is  about 
three  times  that  for  an  aluminum/steel  Interface^  ref.  6.  Nevertheless, 
fig.  6  shows  that  the  creep  curves  are  virtually  Identical. 

This  suggests  only  one  explanation:   Bolt  tightness  Improves  the 
creep  resistance  of  the  bearing  specimens  by  restraining  lateral  deforma- 
tion In  a  direction  parallel  to  the  bolt  axis.   This  deformation  Is 
Illustrated  In  fig.  8.   Specimens  4  and  9,    fig.  8,  are  both  7075-T6  alu- 
minum alloy;  specimen  4  was  tested  with  no  bolt  tightness  while  specimen 
9  had  full  bolt  tightness.   In  the  former  case  considerable  lateral  de- 
formation Is  apparent;  In  the  latter  case,  comparatively  little. 

As  a  result  of  this  effect,  the  proposition  presented  on  page  2  must 
be  broadened.   Specifically,  the  word  "stress"  should  be  Interpreted  to 
Include  lateral  restraint  as  well  as  nominal  bearing  stress. 

5.2  Beveled  Bearing  Specimens 
Two  beveled  specimens  of  7075-T6  alimilnum  alloy  were  tested  to  eval- 
uate the  effective  edge  distance  for  this  design.   Both  tests  were  con- 
ducted at  403°  F  following  a  prior  exposure  of  1.7  hr,  with  a  nominal 
bearing  stress  of  35,000  Ib/lnf  and  full  bolt  tightness.   The  dimensions 
k  (fig.  3)  and  the  test  results  obtained  were: 
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Specimen 

k 
in. 

ho 

hr 

9 

2.50. 

3.0 

10 

2.62 

4.6 

The  values  of  t-  were  taken  from  the  creep  deformation  records, 
which  are  reproduced  in  fig.  9.  With  these  values,  the  parameter  P  for 
each  specimen  was  taken  from  fig.  7.  Then,  with  eq.  (2),  it  was  calcu- 
lated that 


m 
e 


-^  =  1.83  in.  for  specimen  9,  and 


m  ^<-  =  1.96  in.  for  specimen  10. 
eff 

A  comparison  of  these  values  with  the  dimension  k  reveals  that 

^  3  , 
eff    4 

3.3  Bolted  Joint  Specimen 

The  7075-T6  bolted  joint  specimen  which  was  discussed  in  the  Intro- 
duction and  in  Appendix  A  had  an  edge  condition  similar  to  that  of  speci- 
men 10.   Furthermore,  it  was  tested  under  the  same  stress  and  temperature 
conditions  as  specimen  10.   Hence,  according  to  the  proposition  on  page 
2,  the  joint  should  yield  the  same  creep  curve  as  specimen  10.   The  creep 
curves  for  the  joint  and  for  the  bearing  specimen  are  given  in  fig.  10, 
from  which  it  is  apparent  that  some  discrepancy  exists  between  the  two. 

For  design  purposes,  it  is  desirable  to  evaluate  the  magnitude  of 
this  discrepancy  in  terms  of  stress.   From  the  curve  for  the  bolted  joint 
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it  is  seen  that  t^.  =  6.0  hr.   Entering  fig.  7  with  this  value  gives 

-12 
P  =  8.0  X  10   .  Now,  using  m  ^^  =  1.96  in.   and  R  =  10,  eq.  (2)  shows 

that  the  effective  bearing  stress  for  the  bolted  joint  is  34,600  lb/in? 
This  is  only  1.1  percent  less  than  the  actual  bearing  stress  and  repre- 
sents a  stress-wise  error  that  is  generally  negligible. 

6.   TEST  RESULTS  FOR  2014-T6  SMCIMENS 
AND  DISCUSSION 

6. 1  Bearing  Specimens 

Seven  bearing  specimens  of  2014-T6  alimiinum  alloy  were  tested  at 
398°  F.   The  test  conditions  are  listed  in  the  table  below  and  the  creep 
curves  are  given  in  fig.  11.   Examination  of  these  data  reveals  that  the 
creep  properties  of  2014-T6  are  superior  to  those  of  7075- T6  at  400°  F. 

An  additional  test  variable,  prior  exposure  time,  was  introduced  in 
this  series  of  tests.   Because  of  this  additional  variable,  the  parameter 
P,  defined  by  eq.  (2)  must  be  modified  to  incorporate  the  effects  of 
prior  exposure  as  follows: 

P'  =  P(H-t^)"°-®  (4) 

The  exponent  in  this  equation  was  determined  by  a  curve-fitting  process. 
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Tests  of  2014-T6  Bearing  Specimens 


Specimen 

Type 

m 

k 

R 

t 

X 

hr 

cr 

ho 

in. 

in. 

lb/in? 

hr 

3 

S 

2.00 

b 

1 

1.7 

50,000 

5.0 

11 

B 

b 

2.62 

10 

48.4 

50,000 

4.8 

12 

B 

b 

2.62 

10 

1.7 

50,000 

20.4 

13 

B 

b 

2.62 

10 

48.4 

34,000 

c 

14 

B 

b 

2.62 

10 

48.4 

46,700 

22.0 

15 

S 

2.62 

b 

10 

48.4 

46,700 

27.7 

16 

B 

b 

2.62 

10 

1.7 

46,700 

27.0 

a.  S  =  straight;   B  =  beveled 

b.  Not  applicable 

c.  Test  discontinued  at  116  hr,  before  reaching  0.10  in. 

of  creep. 

A  plot  of  t^_  vs.  P'   for  the  2014-T6  bearing  specimens  is  given 
in  fig.  12.   The  dashed  line  was  faired  through  the  plotted  points. 

The  parameter  P'   is  empirical,  and  only  applies  to  the  specimens 
and  the  range  of  variables  discussed  here.   It  is  used  in  this  report  only 
to  indicate  the  relative  effects  of  the  different  test  variables  on  the 
creep  resistance  of  the  bearing  specimens. 

It  may  be  seen  that  bearing  stress,  edge  distance  and  bolt  tightness 
affect  the  creep  resistance  of  the  2014-T6  specimens  in  the  same  general 
manner  in  which  they  affected  the  creep  resistance  of  the  7075-T6  specimens, 
Furthermore,  the  creep  resistance  of  the  2014-T6  specimens  is  reduced  by 


-  14 
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increasing  the  prior  exposure  time.   The  nature  of  this  reduction  is 
discussed  further  in  the  following  section. 

6.1.1  Effect  of  Prior  Exposure 
It  was  postulated  in  ref.  2  that,  for  a  given  material  at  a  given 
temperature, 

a  =  f^a'  (5) 

where  a     is  creep  strength  following  an  exposure,   g'   is  creep  strength 
without  a  prior  exposure,  and  f-   is  a  function  of  the  exposure  time 
only. 

Based  on  the  data  obtained  in  this  investigation,  it  is  shown  in 
the  Appendix  that 

o  =  a'   -   f^  (6) 

where  f_  is  a  function  of  the  exposure  time  only. 

It  is  obvious  that  eqs,  (5)  and  (6)  are  not  compatible.   In  all 
probability,  eq.  (5)  is  incorrect,  but  eq.  (6)  should  not  be  employed  for 
design  purposes  without  obtaining  further  experimental  verification. 

6.2  Bolted  Joint  Specimen 
The  2014-T6  bolted  joint  specimen  which  was  discussed  in  the  Intro- 
duction and  in  Appendix  A  had  an  edge  condition  similar  to  that  of  speci- 
men 11.   Furthermore,  it  was  tested  under  the  same  stress,  temperature 
and  exposure  conditions  as  specimen  11.  A  comparison  of  the  creep  curves 
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for  the  bolted  joint  and  for  specimen  11  is  given  in  fig.  13.   It  is 
clear  from  this  figure  that  virtually  no  correlation  exists  between  the 
two^  indicating  that  the  proposition  on  page  2  does  not  apply  in  this 
case. 

This  is  not  entirely  unexpected^  and  was  foreseen  some  time  ago  in 
ref .  7.   The  theory  holds  only  for  ductile  materials  which  have  the 
ability  to  rapidly  relax  the  stress  concentrations  around  holes  by  plas- 
tic flow^  while  still  retaining  considerable  creep  strength  and  ductility 
(ref.  8).  At  400*  F,  however,  2014-T6  is  relatively  brittle  in  creep, 
and  presumably  does  not  permit  the  relief  of  stress  concentrations  prior 
to  fracture.   The  presence  of  this  relative  brittleness  is  evidenced  by 
fig.  11,  which  indicates  small  valiies  of  extension  at  rupture,  and  by 
fig.  8,  where  specimens  3  and  16  are  2014-T6  and  specimens  4  and  9  are 
7075-T6. 

What  is  surprising  is  that  the  joint  exhibited  greater  creep  resist- 
ance than  the  corresponding  bearing  specimen,  fig.  13.   Studies  of  the 
possible  effects  of  overaging,  interaction  between  bolt  holes  in  the 
joint,  oversized  holes,  and  multiaxlality  of  stress  were  made  in  an 
attempt  to  explain  this  apparent  anomaly.   However,  to  date  the  authors 
are  unable  to  offer  a  rational  explanation  for  this  unusual  behavior. 

7.   CONCLUSIONS 
The  bearing  creep  properties  of  2014-T6  forged  altmiinum  alloy  are 
superior  to  those  of  7075-T6  forged  alimintmi  alloy  at  400°  F.  At  this 
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temperature,  2014-T6  exhibits  considerably  less  ductility  than  7075-T6. 
These  conclusions  corroborate  similar  ones  obtained  in  ref.  Z. 

Based  on  the  lisulted  number  of  tests  performed,  it  appears  that  the 
bearing  creep  resistance  af  the  tvo  alloys  Increases  both  with  Increased 
edge  distance  and  with  Increased  bolt  tightness.  The  ben^lclal  effect 
of  bolt  tightness  is  seemingly  due  to  restraint  of  lateral  deformation 
in  a  direction  parallel  to  the  bolt  axis,  rather  than  to  friction.  Expo- 
sure of  2014- T6  to  elevated  temperature  for  a  period  af  time  prior  to 
loading  apparently  reduces  the  bearing  creep  resistance. 

The  creep  strsigth  of  a  7075-T6  bolted  joint,  which  had  been  designed 
to  fall  in  bearing,  was  found  to  agree  closely  with  the  creep  strength  of 
a  7075-T6  bearing  specimen  under  the  same  edge,  stress  and  temperature 
conditions. 

The  creep  resistance  of  a  2014^T6  bolted  joint  was  considerably 
greater  than  that  of  a  comparable  bearing  specimen. 
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APPENDIX  A 
SQMMABY  OF  PERTINENT  INFORMATION  FROM  R£F.  2 

Bolted  Joints^  fig.  1^  were  fabricated  from  forged  aluminum  alloy 
slabs  and  high  strength  steel  bolts.   They  were  creep  tested  under  con- 
stant loads  and  temperatures  following  an  unloaded  exposure  to  the  test 
temperature.   The  test  conditions  were  as  follows: 

Joint  material    Prior  exposure    Temperature    Bearing  stress 


hr 

°F 

lb/in? 

7075-T6* 

1.7 

403 

35,000 

2014-T6* 

48.4 

398 

50,000 

The  7075-T6  joint  exhibited  considerably  more  ductility  than  the  2014-T6 
joint.   By  using  the  joint  efficiencies  in  the  manner  described  in  ref. 
3,  the  failure  times  were  calculated  from  the  tensile  rupture  properties 
of  the  materials.  Agreement  between  the  calculated  and  the  actual  failure 
times  was  satisfactory,  as  shown: 

Joint  Actual  failure  Calculated  failure 


hr 

hr 

7075-T6 

9.6 

8.7 

2014- T6 

31. 

25. 

*In  ref.  2  these  joints  were  designated  as  7075-T6-3  and  2014-T6-3, 
respectively. 
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APPENDIX  B 
DERIVATION  OF  EQUATION  (6) 


Substituting  eq.  (2)  into  eq.  (4)  and  solving  for  a     gives 
a  »  1000  [log(Rm^°)  -  0.8  log(l+t  )  -  log  P']  (7) 

L   From  fig.  12  it  is  seen  that  P'   is  a  function  of  t-_.   Hence 

a   =  1000  [log(Rm^°)  -  0.8  log(l+t^)  -  £2^*^10^^  ^^^ 

When  t  =0,  the  creep  strength  reduces  to 

0'  -  1000  [log(Kin^°)  -  f2^^10^^  ^^> 

Substituting  eq.  (9)  into  eq.  (8), 

a  =  a'  -   800  log(l+t  )  (10) 


a  =  a'  -  f3  (6) 

where     f^     is  a  function  of  the  exposure  time. 
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Fig.    b  -  Edge  view  of  test  set-up  with  furnace  removed. 
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Fig. 6     Bearing  creep  curves  of  7075 -T6  straight  specimens. 
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Fig. 7    Creep  resistance  of  7075-T6  straight  specimens    in 
parametric   form. 
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Fig.  9   Beoring  creep  curves  of  7075-T6  beveled  specimens. 
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Fig.  10   Comparison   of  creep  curves  for  7075 -T6 
bolted  joint  end  bearing  specimen  10. 
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Fig.  II    Bearing  creep  curves  for  2014- T6  specimens 
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Fig.  12    Creep  resistonce  of  2014- T6  specimens   in 
parametric  form. 
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